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7ULWHUSHQLF PROHFXOHV PRGLI\ SK\VLFRFKHPLFDO SURSHUWLHV RI ELRORJLFDO PHPEUDQHV DQG
SKRVSKROLSLG YHVLFOHV DQG DIIHFW WKHLU VWDELOLW\ >@ &XFXUELWDFLQV DUH DPRQJ WKH PRVW
R[\JHQDWHG QDWXUDO WULWHUSHQHVZKLFK KDYH EHHQ LVRODWHG IURP YDULRXV SODQW IDPLOLHV VXFK DV
&XFXUELWDFHDH DV ELWWHU WDVWLQJ DQG SXUJDWLYH WULWHUSHQHV >@ 1XPHURXV SKDUPDFRORJLFDO
VWXGLHVKDYHFRQVLGHUHGWKHZLGHUDQJHRIWKHLUELRORJLFDODFWLYLWLHV7KH\KDYHEHHQVKRZQWR
SRVVHVV DQWLLQIODPPDWRU\ KHSDWRSURWHFWLYH DQG DQWL+,9 SURSHUWLHV >@ 7KH\ DUH DOVR
H[WHQVLYHO\VWXGLHGGXHWRWKHLUF\WRWR[LFDQGDQWLWXPRUHIIHFWVDJDLQVWYDULRXVFDQFHUFHOOOLQHV
>@ %DVLQJ RQ WKH VWUXFWXUDO DQDORJ\ EHWZHHQ FXFXUELWDFLQV DQG FKROHVWHURO ZKLFK LV DQ
LPSRUWDQWPHPEUDQHFRQVWLWXHQWDQGPRGXODWRUZHDVVXPHGDQHIIHFWRIFXFXUELWDFLQVRQWKH
PHPEUDQHIRUPDWLRQDQGVWDELOLW\ZKLFKKDVQHYHUEHHQLQYHVWLJDWHGSUHYLRXVO\,QWKHSUHVHQW
VWXG\ OLSRVRPHVZKLFK DUH SKRVSKROLSLG YHVLFOHVPLPLFNLQJ FHOOXODUPHPEUDQHV DUH XVHG WR
VWXG\WKHLQIOXHQFHRIFXFXUEXWDFLQ(&XF(RQWKHELRORJLFDOPHPEUDQH
8VLQJ WKH UHYHUVH SKDVH HYDSRUDWLRQ WHFKQLTXH >@ ODUJH XQLODPHOODU YHVLFOHV /89 ZHUH
SUHSDUHGLQWKHDEVHQFHDQGSUHVHQFHRI&XF(9DULRXVWHFKQLTXHVZHUHLQYHVWLJDWHGLQRUGHU
WRFKDUDFWHUL]HWKHOLSRVRPHVLQWHUPVRIVL]HDQGVL]HGLVWULEXWLRQPRUSKRORJ\DQGULJLGLW\VXFK
DVG\QDPLF OLJKW VFDWWHULQJ '/6 >@ WUDQVPLVVLRQHOHFWURQPLFURVFRS\ 7(0 >@ DQGDWRPLF
IRUFHPLFURVFRS\ $)0 >@ UHVSHFWLYHO\'LIIHUHQWLDO VFDQQLQJFDORULPHWU\ '6& >@ZDVDOVR





SUHVHQFH DQG DEVHQFH RI &XF ( 7KH OLSLG PL[WXUHV ZHUH '33&'33*'33(&KRO
 DQG '33&'33*'33(&KRO&XF (  UHVSHFWLYHO\ IRU IUHH
GUXJ /89 DQG /89 SUHSDUHG ZLWK &XF ( %RWK EDWFKHV RI OLSRVRPHV ZHUH WKHQ H[WUXGHG
WKURXJK SRO\FDUERQDWH PHPEUDQHV XVLQJ D PLQL H[WUXGHU $YDQWL 3RODU /LSLGV 6ZLW]HUODQG
7KHUHE\OLSRVRPHVZHUHIRUFHGWRSDVVWKURXJKSRO\FDUERQDWHPHPEUDQHVRIGHFUHDVLQJSRUH









=HWDVL]HU 1DQR =6 0DOYHUQ ,QVWUXPHQWV =HQ  0DOYHUQ 8. 0HDQ GLDPHWHU DQG
SRO\GLVSHUVLW\LQGH[3,DVDQLQGLFDWRURIVL]HGLVWULEXWLRQZHUHPHDVXUHG
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7UDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0 /LSRVRPH VXVSHQVLRQV ZHUH LPDJHG XVLQJ D
WUDQVPLVVLRQHOHFWURQPLFURVFRSH7(03KLOLSV&0(LQGKRYHQ1HWKHUODQGV$GURSRIWKH
OLSRVRPHVXVSHQVLRQZDVSODFHGRQWRDFDUERQFRDWHGFRSSHUJULG IRUPLQJD WKLQ OLTXLG ILOP
7KHILOPVZHUHQHJDWLYHO\VWDLQHGZLWKDVRGLXPVLOLFRWXQJVWDWHVROXWLRQIRUPLQ
$WRPLF IRUFHPLFURVFRS\$)0 WKH$)0H[SHULPHQWVZHUHSHUIRUPHGZLWKD1DQRVFRSH ,,,D
'LJLWDO ,QVWUXPHQWV 6DQWD %DUEDUD &$ RSHUDWLQJ LQ FRQWDFW PRGH DW URRP WHPSHUDWXUH
)UHVKO\FOHDYHGPLFDZDVXVHGDVWKHVXEVWUDWHIRU$)0REVHUYDWLRQ$OOLPDJHVZHUHREWDLQHG













'\QDPLF OLJKW VFDWWHULQJ '/6 ZDV XVHG WR GHWHUPLQH WKH OLSRVRPH PHDQ VL]H DQG VL]H
GLVWULEXWLRQ ,WZDVIRXQGWKDW OLSRVRPHVZLWKRXW&XF(KDGDPHDQGLDPHWHUFORVHWRQP
ZKLFK LV WKHSRUHVL]HRI WKH ODVWPHPEUDQH WKH\ZHUHH[WUXGHG WKURXJK:KHUHDV OLSRVRPHV
ZLWK&XF(ZHUHVPDOOHUZLWKDPHDQGLDPHWHUDURXQGQP7KHSRO\GLVSHUVLW\ LQGH[3G,
IRU ERWK SUHSDUDWLRQV RI OLSRVRPHV ZDV DURXQG  LQGLFDWLQJ D VKDUS VL]H GLVWULEXWLRQ DQG
PRQGLVSHUVHSRSXODWLRQV7DEOH
7UDQVPLVVLRQHOHFWURQPLFURVFRS\7(0ZDVFDUULHGRXWWRFKDUDFWHUL]HWKHPRUSKRORJ\RIWKH
REWDLQHG OLSRVRPHV2EWDLQHG LPDJHV FRQILUPHG WKH IRUPDWLRQ RI YHVLFOHVZLWK H[SHFWHG VL]H
DQGVKRZHGDFOHDUHIIHFWRI&XF(RQWKHOLSRVRPHPRUSKRORJ\
%HVLGHV DWRPLF IRUFHPLFURVFRS\ $)0 ZDV XVHG WR YLVXDOLVH OLSRVRPDO IRUPXODWLRQV XQGHU
ZHWFRQGLWLRQV$)0DOORZVWKHHYDOXDWLRQRIWKHYHVLFOHVIODWWHQLQJHVWLPDWHGE\WKHFDOFXODWLRQ
RIWKHUDWLR+QP'QPZKHUH+LVWKHKHLJKWDQG'LVWKHPHDQGLDPHWHURIWKHOLSRVRPHV,W
ZDV UHYHDOHG WKDW LQ WKHSUHVHQFHRI WKHGUXJ WKH OLSRVRPHVZHUHKLJKHVWDQG OHVV IODWWHQHG
WKDQWKRVHZLWKRXW&XF(
,QDGGLWLRQGLIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&ZDVSHUIRUPHGWRVWXG\WKHHIIHFWRI&XF(
RQ WKH SK\VLFRFKHPLFDO SURSHUWLHV RI PXOWLODPHOODU YHVLFOHV 0/9 SUHSDUHG E\ WKH OLSLG ILOP
K\GUDWLRQWHFKQLTXH>@ZLWKDQGZLWKRXW&XF(,WZDVVKRZHGWKDWLQWKHSUHVHQFHRIWKHGUXJ




GUXJPRGLILFDWLRQ RI FROORLGDO GUXJ FDUULHUV DQG WKDW WKH PROHFXODU EDVLV WKDW XQGHUOD\ WKH




/LSRVRPHIRUPXODWLRP 0HDQGLDPHWHUQP 3RO\GLVSHUVLW\ LQGH[
3G,
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